Histopathological Techniques in the Investigation ofMuscle Disease
Usually, the best time to do a muscle biopsy is when the clinical, serological and electrophysiological investigations on the patient have been completed. Ideally, the muscle sampled should be involved in the disease but not too wasted; from the clinical information available, plans should be made to study the biopsy material with the appropriate techniques. For example, in denervation atrophy and polymyositis most of the useful information for diagnosis is gained from paraffin sections and from the histochemistry of cryostat sections of muscle; with glycogen storage diseases and congenital metabolic myopathies, on the other hand, biochemical, histochemical and electron microscopical investigations may be invaluable if not essential for establishing a diagnosis.
Techniques ofMuscle Biopsy A contracted traumatized poorly fixed muscle biopsy where the fibres have been cut in an oblique plane is usually very difficult to interpret. The techniques of muscle biopsy are, therefore, designed to avoid or minimize these artefacts.
Tissue for electron microscopy is usually taken first. The muscle is exposed and a 4 cm length of bacteriological swab stick is sewn on to the surface of the slightly stretched muscle, parallel to the (Fig 1A) . A specimen of muscle 1-2 cm long and up to 5 mm thick is then cut out and, while still attached to the stick, immediately placed into the glutaraldehyde fixative. Some workers prefer to use a clamp instead to prevent excessive contracture of the muscle. One-micron sections of the aralditeembedded material may be cut and stained with 1 % toluidine blue or basic fuchsin and methylene blue (Ghidoni et al. 1968 ) for light microscopic study. The cytological detail of such preparations is excellent but the size of the sections is limited. Tissue for histochemistry should be quenched in liquid nitrogen (-180°C) (Dubowitz 1969) or in isopentane that has been cooled in liquid nitrogen (Engel 1965) , and stored in a deep freeze or cryostat (-200C or below) until ready for cutting. Slow freezing of tissue will allow ice-crystal formation and produce holes in the tissue ('waffle artifact').
Tissue for paraffin embedding: In order to avoid contraction artifact a piece of muscle about 3 x 0.7 cm may be placed on a card ( Fig 1B) and kept in a damp atmosphere for 15-20 min before it is put into formalin, still attached to the card. Too large a block of tissue will be poorly fixed. Tissue for biochemistry: When glycogen estimations and the study of glycolytic enzyme systems are required, a piece of muscle should be placed in liquid nitrogen immediately after removal from the patient (Gruener et al. 1968 ).
USE OF HISTOLOGICAL TECHNIQUES
(1) Paraffin-embedded Materials Most of the major histological abnormalities in muscle disease can be detected in paraffin sections, especially if a variety of stains is used (Greenfield et al. 1957 ). As already mentioned, interpretation is easier if the histological preservation is good and if exact transverse and longitudinal sections are cut.
In denervation atrophy, the groups of atrophic fibres can be identified in haematoxylin and eosin (H & E) stained sections. Myopathic changes can for the most part be identified in H & E stained sections. Necrotic fibres may be seen undergoing phagocytosis and thin regenerating basophilic muscle fibres with vesicular nuclei and prominent nucleoli may be present. The RNA in the cytoplasm of the regenerating fibres stains pink with methyl-greenpyronin. In cases of polymyositis, the varying degree of perivascular and interstitial lymphocytic accumulation may be detected in the H & E. The more chronic myopathies and dystrophies may show little active fibre destruction but may have a gross variation in individual muscle fibre size together with an increase in central nuclei. A diastase PAS technique is often useful in estimating muscle fibre size as the glycogen is removed by the diastase and only the interstitial mucopolysaccharides stain. Where there has been extensive loss of muscle fibres, e.g. in Duchenne muscular dystrophy, there is often an increase in adipose tissue and interstitial collagen; the latter stains red with the van Gieson technique. Elastic stains are useful in determining damage to vessel walls in polyarteritis nodosa.
Cytological detail in paraffin-embedded tissue: Central vacuolation occurs typically in the periodic paralyses (Engel 1970) and can be readily seen in H & E. Calcification of portions of individual fibres may also occur in the same circumstances (Weller & McArdle 1971) and is seen as basophilic deposits that stain with alizarin for calcium. Excessive amounts of glycogen within the muscle cells in the glycogen storage diseases (McArdle 1969) can be detected by the PAS method and by Best's carmine stain. The striations of the muscle fibres in longitudinal section may be seen best in polarized light and similarly the ring-fibres in dystrophia myotonica may be identified easily in this way.
(2) Cryostat Sections andHistochemistry There are two main factors that recommend the routine use of cryostat sections in the study of muscle biopsies. First, the preservation of the muscle is better than in paraffn sections; H & E and trichrome stains are very useful for illustrating the major tissue changes (Fig 2) . Secondly, enzymes and lipids are preserved in the tissue and their histochemistry may be valuable, not only in the diagnosis of each particular case but also in the overall study of muscle disease.
Enzyme histochemistry of muscle using cryostat sections in fact represents one of the major advances in muscle pathology in the last decade. Serial transverse sections of muscle fibres show two main types of fibre (Dubowitz & Pearse 1960a) : Type I (slow or red) fibres are rich in mitochondrial enzymes and poor in phosphorylase and myosin ATPase; Type II (fast or white) fibres are the converse and also have more glycogen. In some conditions, such as steroid myopathy and denervation (Karpati & Engel 1968 ), there may be selective atrophy of Type II fibres.
Certain metabolic diseases and congenital myopathies are identifiable by histochemical techniques. The enzyme deficiency in the glycogen storage diseases affecting muscle may be detected histochemically, e.g. phosphorylase deficiency in McArdle's disease. Collections of abnormal mitochondria (Shy et al. 1966) or tubular aggregates (Pearse & Johnson 1970) in the cytoplasm may be detected histochemically. In addition, the absence of enzyme staining in the fibres of central core disease is demonstrable by histochemical techniques (Dubowitz & Pearse 1960b ).
(3) Electron Microscopy Many ultrastructural changes have been observed in muscle biopsies especially in the congenital myopathies. Features such as enlarged and complicated mitochondria (Shy et al. 1966 ) and mitochondrial inclusions (Fardeau 1970 ) are being described more and more so that it is becoming clear that few, if any, ultrastructural features are specific to any one disease (Fardeau 1970) . Electron microscopy has been of great value in the study of muscle regeneration. Mauro (1961) described the small satellite cells that nestle against muscle fibres so closely that they are not definable by light microscopy. It is now thought that these cells may differentiate to form regenerating muscle fibres when the original muscle is destroyed by trauma or by myopathic processes (Reznik 1970) .
The histopathological study of muscle reveals a highly specialized and differentiated tissue that has a limited number of ways in which it reacts to abnormal stimuli. It is important, therefore, that the pathology of muscle biopsies should be evaluated in the light of clinical and electrophysiological data.
Dr D A H Yates
(Department ofRheumatology andPhysical Medicine, St Thomas's Hospital, London SEI) The Electrodiagnosis of Muscle Disorders This paper will consider the efficacy of both well-established and some recently developed electrodiagnostic techniques as indicators of myopathy or primary disease of muscle fibres. Particular attention will be given to the applicability of these techniques in a routine electrodiagnostic clinic, as opposed to a research laboratory, when judged by the following criteria:
(1) Simplicity will encourage routine use and enhance the value of the test, particularly when performed by trainees.
(2) Comfort for the patient and speed of completion will allow other confirmatory tests to be performed and several muscles to be studied, at a single attendance. These considerations are essential with children when follow-up studies may be necessary.
(3) Economy requires that routine equipment must be used, although once a technique is established bulk-production of specialized equipment can reduce costs considerably. (4) Objectivity which increases accuracy is difficult to achieve. Electrodiagnosis remains a largely clinical exercise in the decision as to which muscles should be studied, and how extensively, to avoid sampling errors. If a technique provides a permanent photographic or taped record it can be read by an independent observer. (5) Sensitivity should be sufficient to detect mildly affected cases, but not so great as to produce false positive results. Since myopathic changes are frequently patchy within individual muscles, sampling must be as widespread as possible.
Electromyographic Exploration
Most workers prefer to use monopolar concentric needle electrodes for routine use. For quantitative studies it is essential to ensure uniformity of production, particularly with respect to the surface area ofthe central core.
Denervation potentials: In myopathy the confusion arising over the detection of fibrillation potentials may partly be due to lack of agreement over terminology. Experience indicates that fibrillation should be defined as sustained, regular, short-duration, diphasic discharges occurring at rest. Other short-duration discharges may not be of significance. Profuse fibrillation potentials, accompanied by longer positive waves, are often present in both proximal and distal muscles in active polymyositis. Although fibrillation potentials were recorded in a few cases of triamcinolone myopathy reported by Williams (1959) , it is my experience that fibrillation is not present in myopathy due to prednisone overdosage, in visceral diseases such as asthma and nephrosis, nor is the serum creatine phosphokinase (CPK) level raised. These facts can be of help in indicating the nature of myopathy in cases of collagen-vascular disease whose weakness persists or increases on steroid treatment (Yates 1971). If fibrillation is absent and the CPK normal the myopathy may well be due to hypercorticism and improve with reduction of steroid dosage. On the other hand, the presence of definite fibrillation potentials and a raised CPK suggests a complicating polymyositis and indicates that steroid dosage should be increased. This should bring about an increase in strength, diminution of fibrillation and a fall in CPK.
The occasional finding of true fibrillation potentials in cases of chronic dystrophy is perhaps explained by the recent work of McComas et al.
